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TESTS OF WING b4ACXINE-GUIT ABD CANBOB Br. i T, - ) - & -  u, ' I  
INSTALLATIONS I N  THE HACA FULL-SCALE WIFD TUNXEL 
By K ,  R. Cza rneck i  a n d  Eugene R. Guryansky 
A t  t h e  r , eques t  of t h e  Bureau of A e r o n a u t i c s ,  a n  i n v e s -  
t i g a t i o n  has been conduc ted  i n  t h e  f u l l - s c a l e  win~d t u n n e l  
of wing i n s t a l l a t i o n s  of . 5 0 - c a l i b e r  machine guns and  20- 
m i l l i m e t e r  cannons.  The t e s t s  were made t o  detormfno t h o  
e f f e c t  of v a r i o u s  gun i n s t a l l a t i o n s  on t h e  maxinum l i f t  
and  t h o  high-spood d ~ a g  o f  t h o  a i r p l a n o ,  
EQU 1P111EiT T A N 3  L f I  THO D S 
m=za 
A d e s c r i p t i o n  of t h e  f u l l - s c a l e  wind t u n n e l  and  t h e  p 9 . ~ n ~ ~ , ~ t ~ a  
equipment u s e d  i n  t h e s e  t e s t s  i s  g i v e n  i n  r e f e r e n c e  it, 
X F 3 A v  I 
P* 
The a i r p l a n e  w a s  a s i n g l o - p l a c e  llavg f i g h t o r . " + i t f i  a 
g r o s s  weight  of 5346 pounds a n d  a wing a r e a  of 209 s q u a r e  
f e o t .  The wing s a c t i o n s  v a r y  from a n  XACA 23018 a t  t h e  
r o o t  t o  a n  BACA 23009 s e c t i o n  a t  t h e  t i p ,  The b a s i c  con- 
d i t i o n  of t h e  a i r p l a n e ,  shown"in  f i g u r e  1, d i f f e r s  from, 
t h e  s e r v i c e  a i r p l a n e  i n  that i t  m a s  equipped w i t h  a modi- 
f i e d  a n g i n e  cowl ing  that  w a s  s e a l o d  f o r  t h a n g u n  tosts. 
, . 
The high-speed d r a g s  mere ,measared  a t  a t e s t  s p e e d  of 
approximat~- ' I :y  100  m i l e s  p e r  hour  and t h e  r n a ~ i m u v n ~ l f f t s  
were measured a t  a spoed of a p p r o x i m a t e l y  68 mplea p e r  
hour .  A l l  the maximum l i f t  neasuroments  more mado w i t h  
t h o  f l a p s  f u l l  down,' ' 
Tine e f f e c t  of t h e  m a  &ine-gun and  cannon i n s t a l l a -  
t i o n s  on t h e  a n g l e  of s t a l l  a n d  t h e  maximum l i f t  f o r  each  
w i n g  w a s  de te rmined  from f o r c e  t e s t s  and  by means of a 
number o f  o n e - s i x t e e n t h - i n c h  d i a m e t e r  s t a t i c - p r a s s u r o  
t u b e s  which were mounted so  a s  t o  measure t h e  p r o s s u r o  
g r a d i e n t  ovor t h e  n o s e  o f  tho  a i r f o i l  s e c t i o n ,  T3ze s t a l l  
m a s  i n d i c a t e d  by a sudden chango i n  t h o  w i n g - p r ~ s s u r e  d i s -  
t r i b u t i o n , .  Foo l  t u f t s  mere a l s o  u s e d  t o  i i l d i c a t o  t h o  
n a t u r o  of t h e  a i r  f l o w  ovor  t h e  n a c h i n c  guns and cannons 
and t o  i n v e s t i g a t e  f l o w  brcakdown, 
. L s 
The t e s t s  were made f o r  f i v e  p o s i t i o n s  of t h e  ,50- 
c a l i b e r  machine guns a l o n g  t h o  chord  ( f i g .  2 ) .  i n c l u d i n g  
two f lush -gun  p o s i t i o n s  a n d  g u n - b a r r e l  e x t e n s i o n s  of 2, 
10 ,  and  18 i n c h e s  ahoad of t h e  l e a d i n g  adgo of t h e  wing. 
Two h o i g h t s  of t h o  machina guns abovo t h e  chord  l i n e  moro 
t e s t ed , .  I n  t h e  l o w  v e r t i c a l  p o s i t i o n  ( f i g .  3) t h e  c e n t e r  
l i n e s  of t h e  b a r r e l s  were t h r e e - e i g h t h s  i n c h  above  t h e  
c h o r d  l i n e .  I n  t h o  h i g h  p o s i t i o n  ( f i g .  4 )  t h o  c s n t o r  
l i n e s  of t h o  b a r r e l s  v o r o  &$ i n c h o s  abovo t h o  c h o r d  l i n o ,  
Thc j u n c t u r e s  of t h e  open ings  f o r  t h e  gun b a r r e l s  and t h e  
l e a d i n g  edge  of - t h e  ni'ng were  f a i r e d  by means of gun s l e e v e s  
( f i g ,  5). A c l e a r a n c e  of one -e igh th  i n c h  @ x i s t @ d  betmean 
t h o  gun b a r r e l s  i n  a l l  p o s i t i o n s  pnd t h o  gun s l c o v e s .  I n  
tho f lush -gun  i n s t a l l a t i o n s ,  t h o  ends of t h o  b a r r o l s  wore 
e n c l o s e d  n i t h i n  t h c  ming a n d  t h e  gun s l o e v o s  woro f l u s h  
n i t h  t h o  c o n t o u r  of t h o  wing. 
A t  t h o  f o u r  gun s t a t i o n s  t o s t o d ,  t h e  wing t h i c k n e s s e s  
v e r o  10.7, 10.2, 9.6, a n d  8.9 i n c h o s ,  Loakago p a s t  t h o  
guns and t h r o u g h  t h e  e j a c t o r  s lo t s  w a s  e l i m i n a t e d  by s e a l -  
i n g  t h e  gun i n s t a l l a t i o n s  w i t h i n  t h e  wing. Wooden b l i s t e r s  
s i m u l a t e d  t h o  f a i r i n g s  f o r  t h e  gun b r c c c h  and  t h o  
p o s t  as shown icr, f i g u r o  2. 
Tab le  Z sunmar izos  t h o  r e s u l t s  f o r  a l l  t h o  machine- 
gu.3 i n s t c z l l a t i o n s .  The .C of 2-00 a n d  t h o  
'DHS of amax 
0.0229 f o r  t h e  smooth a i r p l a n o  a e r o  u s o d  as r e f e r e n c e  v a l -  
u e s  f o r  e s t i m a t i n g  t h e  e f f e c t s  of v a r i o u s  g u n . i n s t a l l a -  
t i o n s ,  .The 0 
D~~ fs t h o  d r a g  c o a f f i c i o n t  a t  t h o  assumad 
high-spcod l i f t  c o d f f i c i o n t  of 0,2. 
4 '  
ldost of t h o  h igh-speed d r a g  c o e f f i c i e n t s  l i s t o d  i n  I 
t a b l o  I are  f o r  f o d r  guns ,  o i t h c r  i n  t h o  low p o s i t i o n  on 
t h e  r i g h t  wing o r  t h e  h i g h  p o s i t i o n  on t h o  l o f t  m i n g ,  I t  
may bc n o t e d  t h a t  tho i qc remonts  i n  h igh-spoed d r a g  c o e f f i -  
c i e n t ,  added by t h e  v a r i o u s  gun i n s t a l l a t i o n s  were ,  n i t h  
two e x c e p t i o n s ,  n o t  more t h a n  0.0003 o r  a b o u t  I* p e r c e n t  a e *  
of t h e  a i r $ l a n e  d r a g  c o e f f i c i e n t .  These i n c r e m e n t s  a re  
o n l y  s l i g h t l y  g r e a t e r  t h a n  t h e  e x p e r i m e n t a l '  acclrracg of 
t h e  t e s t s .  Drag i n c r e q e n t s  f o r  t h e  machine guhs measured 
by t h e  f o r c e  method mere i n  s x c e l l g n t  agreement.  nitkt t h o s e  
o b t a i n e d  by t h e  wake s b r v e y  ne thod.  (See  r e f e r e n c e  2,)  
The C v i t h  f o u r  f l u s h  guns i n  t h e  h i g h  p o s i t i o n  Lmax 
( f i g .  6 )  w a s  o n l y  s l i g h t l y  l o n e r  t h a n  t h e  r a f e r o n c e . v a l u e 9  
b u t  t h o  C ~ m a x  v a s  d e c r e a s e d  0,06 b o l o a  t h a  r c f e r c n c o  
v a l u e  n i t h  t h e  f l u s h  guns i n  t h o  low p o s i t i o n  ( f i g .  7 ) .  
The combinat ion  of 1 0 - i n c h - b a r r e l  :ax tens ions  and  t h e  lom- 
f lush -gun  mounting p o s t  and  b r e e c h  f a i r i n g s  ( f i g .  8)  de- 
c r e a s e d  t h e  C by 0.09, With t h e s e  f a i r i n g s  removod, 
Lmax 
t h e  CT w a s  reducod 0.13 below t h e  r e f o r o n c e  v a l u e ,  
"I~I a x 
Tho f o r  t h e  2 - i n c h - b a r r e l  oxtons ion;  was docroasctd - ' ~ a a i  
by 0 ,14  ( f i g .  9 ) .  By e x t e n d i n g  t h e  gun b a r r e l s  1 8  i n c b e s  
ahead  of  t h e  l e a d i n g  edge of t h e  wing ( f i g .  1 0 1 ,  the 
CL,,,. was d e c r e a s e d  0.09 b o l o a  that  f o r  t h o  r e f o r o n c e  
c o n d i t i o n ,  
.With t h e  b a r r e l s  e x t e n a e d  beyond t h e  l e a a i n g ' e d g c  of 
t h e  wing, t h e  lower  maxtmun l i f t  rnoasurqd f o r '  t h o  2- inch  
a n d  10- inch  o x t o n s i o n s  i s  a t t r i b u t e d  t o  t h o  f a c t  tha t  tho 
d i s t u r b a n c e  causod  by t h e  ends  of t h e  gun b a r r e l s  f o r  t h e  
18- inch  oxScnsion p a s s a d  abovo t.nc w'ing a t  h i g h  a n g l o s  of 
a t t a c k ,  
A c o n b i n a t i o n  of f o u r  machino guns  i n  t h e  low- f lush  
p o s i t , i o n  on t h o  r i g h t  wing and f o u r  i x  t h e  h i g h - f l u s h  po- 
s i t i o n  on t h e  l e f t  v i n g  d i d  n o t  a p p r e c i a b l y  a f f  e'ct t h e  
nax iuun  l i f t  , . 
Three  2 0 - m i l l i n e t e r  cannon i n s t a l l a t i o n s  ware t a s t e d ,  
i n c l u d i n g  t h o  underslung-wing cannon%shown as cannon f a i r -  
i n g  1, a n o d i f i c a t i o r i  shown a s  cannon f a i r , i n g  2  ( f i g .  l l ) ,  
aild t h o  corilplstoly subnergcd i n s t a l l a t i o n  - ( f i g .  12) .  
Tab le  I1 s u c a a r i z o s  t h o  r e s u l t s  f o r  t h e  cannon i n s t a l -  
l a t i o n s .  Tho d r a g  c o c f f i c i o n t  f o r  u n d o r s l u n g  i n s t a l l a t i o n  
1 ( f i g .  1 3 )  mas 0.0016 h i g h e r  t h a n  tha t  f o r  t h e  smooth con- 
d i t i o n ,  w h i l e  t h e  maximum l i f t  c o e f f i c i e n t  w a s  0.09 lower,  
This i n s t a l l a t i o n  mas t h e n  m o d i f i e d  by d e c r e a s i n g  t h e  v i d t h  
of t h e  s e c t i o n  n e a r  t h o  l e a d i n g  e'dga of t h o  rring and t h e r o -  
by r o a u c i n g  t h o  a b r u p t  p r o s s u r o  change a t  t h o  f r o n t  of t h e  
caiinon f a i r i n g  ( f i g .  1 4 ) -  Tho d r a g  c o c f f i c i o n t -  f o r  undcr-  
s l u n g  i n s t a l l a t i o n  2 was 0,0013 h i g h e r  and t h o  naximum 
l i f t  c o c f f i c i a n t  was 0,05 lomar t h a n  that f o r  t h e  b a s i c  
c o n d i t i o n .  By submerging t h e  cannons w i  t h t n  ' t he  wing 
( f i g .  1 5 ) .  t h e i r  d r a g  inc rement  w a s  r educed  t o  0.0005, ,  
a n d  t h e  maximum l i f t  qoef S i  c i e n t  was d e c r e a s e d  by 0,04. 
Z i g h t  machine guns may 'be ' i n s t a l ~ e d  i n  a c o n v e n t i o n a l  
ming w i t h o u t  a p p r e c i a b l y  a , f f e c t i n g  t h e  maximum l i f t  o r  t h e  
minimum d r a g ,  i f  t h e  i n s t a l l a t i o n s  a r e  s e a l e d  a n d  i f  t h e  
gun b a r r o l s '  do n o t  p r o t r u d e .  Tho irnportanco of s e a l i n g  
t h e  i n s t a l l a t i o n s  t o  p r a v o n t  a i r  loakago  e i t h e r  i n t o  o r  
o u t  of t h e  wing was demons t ra t ed  i n  r e c e n t  ' f l i g h t  t e s t s  
v h i c h  shoved ' that u n s e a l e d  f lush -wing  gun. ' i n s t a l l a t i o n s  
a p p r e c i a b l y  r e d u c e  t h e  maximum l i f t .  
> 
S e a l e d  gun i n s t a l l a t i o n s  w i t h  b a r r e l s  p r o t r u d i n g  
0,2Gc t o  O:;r35c ahead  of t h e  wing l e a d  t o  some a d v e r s e  e f -  
f e c t s  on t h e  maximum l i f t  and minimum d r a g ;  however,  t hoy  
a r e  n o r o  f a v o r a b l e  t h a n  i n s t a l l a t i o n s  w i t h  b a r r e l  e x t e a -  
s i o n s  of 0 . 0 5 ~  t o  0,lOc. ' 
I n s t a l l a t i o n s  can bo mado of two cannons t h a t  a r e  
subncrged a n d  s o a l e d  i n  t h o  ming w i t h  b a r r e l  e x t e n s i o n s  
a p p r o x i m a t e l y  on t h e  chord  l i n e  t h a t  have  o n l y  .minor ad-  
v e r s e  e f f e c t s  on t h e  maxim.urn l i f t  and 'mininum drag .  
Mounting t h e  cannons i n  exposed f a i r i n g s  o n . t h e  lower  wing 
s u r f a c e  l e a d s  t o  s u b s t a n t i a l  i n c r e a s e s  i n  %he a i r p l a n e  
d rag ,  
The c o n c l u s i o n s  of t h e s e  t e s t s  s h o u l d  be  a p p l i e d  w i t h  
c a u t i o n  t o  a i r f o i l s  tha t  a r e  s e n s i t i v e  t o  l e a d i n g - e d g e  
s t a l l f n g .  ~ u r f h e ? ,  the l o c a t i o n  of guns a t  p o s i t i o n s  on 
t h e  wing a t  n h i c h  t h e  s t a l l i n g  normal ly  b e g i n s  may l e a d  
t o a g r e a t e r  a d v e r s e  e f f e c t s  t h a n  a r e  i n d i c a t e d  i n  t h e  p r e s -  
e n t  ' t e s t s .  
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%edified mounting-post fairiag . 
t b ~ o d i f  ed flush installation. ' 
'Iviodif i e d  gun sleeves. 
d ~ e f t  wing, high; right wing, low. 
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Figure 1,- fThe airplane in the smooth condition with flap@ &o%B, 
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Figure 5. - bun aleeve for high poeitlon of maohine gun, 
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Figure 6,- Flush machine guns in the high position on left wing, 
P i w e  7,- Flush machine guns i n  the low position on L b  siaee 
;Figure 8, - Fsnnnnb& ext;ena%oas WL t95 f lashhhgem 9 , ~ w - p o ~ i i $ i o ~  fairings, 
Fig, 9 
P i w e  9,- %oa-in& extensions %n the hi& position on the left wing, 
Figure 10,- EP@t~1~n-lnch  extension^ in the low position on $be 
right w i ~ ,  
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Figure 15,- Submerged 6: on installation, 
